Abstract-We prove that if a component of the response signal of a controllable linear time-invariant system is persistently exciting of sufficiently high order, then the windows of the signal span the full system behavior. This is then applied to obtain conditions under which the state trajectory of a state representation spans the whole state space.
I. INTRODUCTION
Persistency of excitation of an input or a noise signal is of importance in system identification and adaptive control, see, for example, [2] , [4] , [5] , [3] , [1] . In this paper, we examine consequences of persistency of excitation using the behavioral language.
The problem studied may be posed as follows. Assume that a responsew (1),w(2),...,w(T ) of a linear time-invariant system is observed. Now consider, for some L, 1 ≤ L ≤ T , the 'windows' of length L:
. . .
Under which conditions do these windows span the whole space of all possible windows of length L which the system can produce? We will show that a sufficient condition for this is that a component (typically the input component) of the observed signal is persistently exciting of order L + n, where n equals the dimension of the state space of the system.
Closely associated with a kernel representation B ∈ L w is the module of annihilators of B, N B ⊆ R w [ξ ], defined by
This paper is a short version of [9] . Please refer to [9] for formal definitions and complete proofs. It is easy to see that N B is a submodule of R w [ξ ] . N ker(R(σ )) is, in fact, the submodule generated by the rows of R. Consider also for nonnegative integers ∆ ∈ Z + the annihilators of degree less than ∆,
Observe that there holds (with apologies for the slight abuse of notation), for
There are a number of important 'integer invariants' associated with L • . The following are of interest to us in this paper:
III. SEQUENCES WITH SPANNING WINDOWS
Let B ∈ L • , and assume that a finite trajectoryw ∈ B| [1,T ] is 'observed'. Under which conditions it is possible to recover fromw the laws of the system B that generatedw?
This question is closely related to the question asked in the introduction: Under which conditions do the observed windows of length L span the space of all possible windows of length L which the system can produce?
Define the Hankel matrix of depth L associated with the vector signal f (1), f (2),..., f (T ) by
Note that the columns of the Hankel matrix H L (w) correspond to the windows ofw displayed in the introduction. Of course, sincew ∈ B| [1,T ] 1 , a 2 
The following is the main result of the paper.
, andw = (ũ,ỹ). Assume that w ∈ B| [1,T ] . Then, ifũ is persistently exciting of order
and
IV. COMMENTS AND COROLLARIES
1. Note that, we have to assume a 'deeper' persistency of excitation onũ than the width of the windows of (ũ,ỹ) which are considered. 2. An interesting special case is when B is the usual state space system σ x = Ax + Bu. Note that for this system, L(B) = 1. Theorem 1 yields the following corollary. (ii) Ifũ is persistently exciting of order dim(x) + 1, then rank ũ(1) ···ũ(T ) x(1) ···x(T ) = dim(x) + dim(u).
